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Abstract
Even though synchromodality is a promising new concept to promote modal shift, it is virtually unknown in Europe except for 
the Benelux countries. In synchromodal transport chains, real-time switching between transport modes enables efficient supply 
chains in which shippers book their transport service “mode-free”. In this paper we use a literature review and an expert panel to 
identify critical success factors which ensure the effective implementation of synchromodality. Our results suggest that there is 
quite uniform agreement upon importance and feasibility of various success factors with cooperation being the most crucial 
success factor.
© 2016The Authors. Published by Elsevier B.V..
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1. Introduction
The transport sector is fundamental to our economies and societies, but it is also responsible for a multitude of 
negative side effects including emissions, noise and congestion (European Commission, 2011; 2014). This calls for 
a modal shift toward a more efficient and effective reorganization of the whole transport system. Synchromodality is 
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a logistics concept which strives to increase the share of rail and inland waterway transport. Switching smoothly 
between these two modes and road transport takes place in near real-time, which is made possible since shippers 
book their transport service “mode-free”, i.e., without any need of specifying their transport mode in advance. The 
transport company is thus able to bundle the flows of goods from different customers and optimizes the cargo. Close 
cooperation between all stakeholders along the transport chain allows moving goods in a flexible and resource-
efficient way.
Synchromodality is defined as an “evolution of inter- and co-modal transport concepts, where stakeholders of the 
transport chain actively interact within a cooperative network to flexibly plan transport processes and to be able to 
switch in real-time between transport modes tailored to available resources. The shipper determines in advance only 
basic requirements of the transport such as costs, duration and sustainability aspects. Thus, transport processes can 
be optimized and available resources sustainably and fully utilized” (Haller et al., 2015).
In spite of being a promising new idea, synchromodality is almost unknown in most of Europe, except for the 
Benelux countries. In the Netherlands several successful pilot projects exist which demonstrate its viability. The 
best-known is the implementation of the synchromodality network between Rotterdam, Moerdijk and Tilburg 
(Lucassen and Dogger, 2012). This pilot project included a trimodal network with mode-free bookings by shippers. 
For each container the best transport route has been selected and all parties worked together in optimizing the whole 
transport chain. In this way, a stable modal split was achieved at the Rotterdam Maasvlakte terminal with 19% truck 
transport, 46% ship transport and 35% rail transport. This already exceeds the port’s overall goals for 2033 which 
amount to 35% truck share, 45 % ship share and 20% rail share (ECT, 2012). 
This business case bears the potential to serve as a role model for related projects and thus it is crucial to 
thoroughly investigate it in order to be able to fully understand why it turned into a success story. This will help to 
avoid pitfalls in the future and build a theoretic foundation for academics interested in this field of research
(Treiblmaier, 2015). In this paper we therefore carefully analyze this best practice example in order to systematically 
identify those critical success factors which ensure the effective implementation of synchromodality. 
2. Methodology
We used the critical success factor method in order to identify the key enablers for synchromodality. This method 
was mainly popularized in 1979 by John Rockart of MIT’s Sloan School of Management (Rockart, 1979; Bullen and 
Rockart, 1981). It is based on the work of Daniel (1961), who originally proposed the concept of success factors. In 
the present study we apply the refined version of Caralli et al. (2004). They adapted the method to be useful outside 
of the information technology field and described the single steps that need to be taken, which includes guidelines 
on how to conduct and analyze interviews and how to derive success factors from the data.
According to Bullen and Rockart (1981), critical success factors (CSFs) stand for "the limited number of areas in 
which satisfactory results will ensure successful competitive performance for the individual, department or 
organization. CSFs are the few key areas where 'things must go right' for the business to flourish and for the 
manager's goals to be attained." (p.7). Caralli et al. (2004) define critical success factors as “key areas of 
performance that are essential for the organization to accomplish its mission” (p. 2). Critical success factors are 
therefore those critical factors or activities which are required to ensure the success of a business or a project. In the 
case study at hand the success of synchromodality constitutes the mission and the areas of performance represent 
success factors which are necessary for a functioning synchromodal transport chain. Identifying CSFs is important 
as it allows focusing one’s efforts on building the necessary capabilities to meet the relevant success factors. If 
objectives associated with these factors are not achieved, synchromodality will fail.
Following Caralli et al. (2004), the most important activity is the careful identification and collection of relevant 
data. In our study, we gathered data in two steps. First, an extensive literature research was performed in order to 
identify CSFs for synchromodality. Second, expert interviews were conducted with Dutch practitioners who were 
involved in the pilot study and other successful pioneer projects. Finally, the data was analyzed from which critical 
success factors were derived. The list of collected CSFs was verified, classified and evaluated. The literature 
research had been carried out between January and March 2015. We used the data bases EBSCO Business Source 
Premier, Emerald and Google Scholar. The main search term was “synchromodality” and also the related concept of 
“comodality”. Other terms such as “transport modes optimization” emerged during the review process and were 
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incorporated into our search strategy. Finally, some of the Dutch experts recommended papers which turned out to 
be highly relevant for the study at hand.
For the expert interviews, the proposed interview questions of Bullen and Rockart (1981) were selected and 
modified to match the goals of our study.
Table 1. Interview Questions.
Proposed questions of Bullen and Rockart (1981) Adapted version for synchromodality
What is your personal mission and role in the 
organization?
What is your position and/or function in the 
organization?
What are the critical success factors in your job 
right now?
What are the critical success factors for 
synchromodality (in whatever order they 
come to your mind)?
What are your three greatest business problems or 
obstacles?
What are the three greatest barriers regarding 
synchromodality?
(Not available) Please evaluate the importance and the 
feasibility of the following critical success 
factors (1=low, 5=high)!
The last question complements Bullen and Rockart’s research to verify, classify and evaluate the CSFs. The 
critical success factors which have been identified from the literature were listed and the experts were asked to 
estimate the importance and the feasibility of each one. The importance of a CSF describes its relevance, whereas 
the feasibility of a CSF describes the extent to which it is viable to implement this CSF. To assess the importance 
and the feasibility there was a scale of 1 (=low) to 5 (=high) as well as the option “not applicable”. The first, open 
question (“What are the critical success factors for synchromodality”) allows respondents to name new success 
factors they consider to be especially relevant and which were not explicitly mentioned in the literature. The second 
question provides explicit CSFs in order to set a basic framework and receive comparable answers.
Between April 27 and April 30 2015 we conducted nine expert interviews in the Netherlands, the leading country 
for synchromodality. The experts included researchers as well practitioners in order to ensure a diversity of 
opinions. Among others, the interview partners included the General Business Manager from the ECT Terminal in 
Rotterdam as well as the project manager from Railport Brabant in Tilburg and several professors in the field of 
transport and planning from TU Delft, Erasmus University Rotterdam and Wageningen University and Research 
Centre as well as from TNO, Netherlands Organization for Applied Scientific Research. The interviews were 
conducted on site in the synchromodal pilot corridor: From the ECT Terminal at the Port of Rotterdam to the 
hinterland ports of Brabant Intermodal, operator of rail terminals as well as inland waterway terminals. Beside 
critical success factors, some other aspects of synchromodality have been discussed in the interviews, for example 
its definition, its future and the possibility of implementing it in Austria. The interviews took between and one-and-
a-half hours each and they have been recorded. The interviewees were just informed about the basic topics that have 
been discussed but they did not receive the detailed questionnaire
After gathering all the information needed, the collected data had to be organized. This means that theoretical and 
empirical results have been listed and clustered. The findings of the literature review have been summarized in 
a table. All of the mentioned success factors have been condensed to seven conclusive groups. The number of 
references has been counted for each group to assess its relevance. The results of the expert interviews have also 
been listed in a table. Each statement has been analyzed and, if possible, assigned to one of the defined group of key 
CSFs to prove empirical evidence for the developed critical success factor groups. In agreement with Caralli et al. 
(2004), the final activity is to analyze the defined success factors. This will be done in coordination with important 
stakeholders within a workshop in October 2015. There, the occurrence of the identified CSFs in Austria will be 
reviewed and the viability of introducing synchromodality in this country will be examined.
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3. Findings and Discussion
3.1. Identification of Critical Success Factors
Relevant CSFs for synchromodality were identified based on an extensive literature review which was based 
upon fifteen papers. We clustered critical success factors that are mentioned in the reviewed articles and formed 
seven groups of homogenous CSFs. In a later step, we defined three main categories to summarize similar critical 
success factors, namely transport-related ones, external conditions and customer related CSFs. Table 2 shows these 
results: The groups of potential CSFs for a successful implementation of synchromodal transport chains and the 
main categories they belong to. The literature is listed according to the year of publication. Critical success factors 
are ranked in regard to the number of times they are mentioned in the reviewed sources. The following paragraphs 
elaborate on each group of CSFs.
Table 2. Critical Success Factors of Synchromodality based on Literature Review.
 Transport-Related External Conditions Customer-Related
Reference
Network/ 
Cooperation/ 
Trust
Sophisticated 
Planning
ICT/ITS 
Technologies
Physical 
Infrastructure
Legal/
Political 
Framework
Awareness/ 
Mental Shift
Pricing/
Cost/ 
Service
Pomponi et al., 2015 X X
Tavasszy et al., 2015 X X X X X X X
ALICE Corridors, 
Hubs and Synchro-
modality WG2, 2014
X X X X X
Behdani et al., 2014 X X X X X X X
Oonk, 2014 X X X X
van Wee, 2014 X X X X X
van Riessen, 2013 X
Pleszko, 2012 X X X X X X
Simina et al., 2012 X X X X
Verweij, 2011 X X X
Caris et al., 2008 X X X
Mason et al., 2007 X X X
Groothedde et al., 
2005
X X X X
Bontekoning et al., 
2004
X X
Trip, Bontekoning, 
2002
X X X X
Total (15) 11 12 10 10 7 5 5
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x Network, Collaboration and Trust 
The generation of a network based on mutual trust and collaboration is one important prerequisite for synchromodal
transport processes. Since many companies are reluctant to cooperate with competitors, a rethinking process is 
required to generate a network which is characterized by trust and awareness of the advantages of cooperation 
instead of competition. The coordination between highly diverse players along the transport chain is a highly 
difficult task but it comprises the potential of a win-win situation for all of them. The issue of collaboration often 
involves problems of risk sharing.
x Sophisticated Planning
Sophisticated dynamic planning and simulation of transport routes and transport patterns are essential to create 
a functioning synchromodal transport network. Customer preferences, busy routes and available resources of hubs 
and transport modes have to be evaluated and examined. Forecasts and simulations are essential to learn about 
repeated connections and to be able to optimize transport performances. Thus, a core freight network has to be 
identified using demand mapping and forecasting tools. A comprehensive supply framework to efficiently utilize 
available container capacity in intermodal transport services is needed for well-organized synchromodal processes. 
Following the Physical Internet paradigm and being induced by potential cost savings, transport operators and 
infrastructure managers will be motivated to collaborate (Rossi, 2012) and consequently more data will become 
available for analysis. As capacity data of transport operators is becoming increasingly available, it is getting easier 
to efficiently fill up of free capacity. Additionally, a better collaboration of fragmented transport flows, required to 
make them economically viable, can facilitate new transport solutions (Jacobs et. al, 2013).
x ICT/ITS Technologies
Providing high quality and standardized data as well as sharing and mutually exchanging information (open data)
are key to creating new and innovative services. Data pipelines combining information from different stakeholders 
(port data, vessel data, terminal data…) have to be available in a way such that all stakeholders within the transport 
chain are able to properly use them. Furthermore, it is essential to implement ITS and ICT systems in order to 
dynamically provide data and to be able to optimize transport planning. Long-term and automated planning need to 
take into account the crucial role which data and information play in a synchromodal supply chain. Additionally, 
issues dealing with data security and data protection must be solved.
x Physical Infrastructure
Different aspects of terminal and port infrastructure were mentioned quite often within the reviewed literature. The 
basic prerequisite is that smart hubs must exist and they must be connected by smart corridors. The location of the 
ports and production sites influences the infrastructure network configuration and its efficiency. The terminal design 
is relevant as well. The overall aim is to obtain an attractive utilization of this infrastructure which is realized by 
bundling transport flows to synchromodal transport streams.
x Legal and Political Framework
The legal and political conditions constitute the basic framework for most of the other critical success factors. 
Harmonized transport regulations are indispensable for a functioning synchromodal network. Another important 
legal question is the one of liability for the transport, especially for any delay, loss or damage, which might not 
always be clear when the mode is switched spontaneously. Concluding unambiguous service level agreements is 
therefore highly recommended. Boundary conditions for data sharing are also vital with regard to the necessary 
collaboration between the stakeholders. Basically, legal security must be ensured for all involved parties.
x Awareness and Mental Shift
Another key success factor is the willingness of the customer to concentrate just on the core elements of the 
transport such as price, destination and duration of the transport and to leave the decision which transport modes to 
use up to the logistics service provider. Thus, it is important to raise awareness on the advantages of synchromodal 
transport and to generate a mental shift among customers. If customers insist on booking specific modes on specific 
transport routes, the logistics service provider lacks the necessary freedom to optimize his transport flows in 
a synchromodal way. The mental shift also includes that all players must be aware that not the preparation of the 
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transport is the primary feature of the service performance but rather the capability to respond to certain incidents 
and choose the right alternative in this case.
x Pricing/Cost/Service
Pricing, cost and service are important aspects within a synchromodal transport network. Transports must be 
provided at a lower or at least at the same price. Quality and the offered service (such as on-time delivery, reliability 
and flexibility) must also fit customer’s needs, otherwise synchromodality is no competitive logistics concept. 
Unplanned waiting times for examples must be penalized. The pricing of synchromodal services is quite complex 
due to the amodal transports. Since the transport mode and the specific route are not determined in advance, it is 
difficult to set a price. On the other hand, customers require security to know the price in advance. Similar problems 
arise in terms of insuring the transport.
3.2. Validation and Classification of Critical Success Factors
The interview results suggest that empirical evidence supports the applicability of the identified groups of critical 
success factors. All statements that we received for the open-ended question (what are the critical success factors) 
have been clustered and assigned to the seven categories that have been developed based on the literature review 
(Table 3). Each identified group of success factors has been assigned several different statements of the respondents. 
For the most part, the experts agreed on the basic conditions which ensure the success of synchromodal transport 
chains and they had consistent understanding about the critical success factors. Only three responses have not been 
matched with a group of CSFs since they did not unambiguously fit into a category. Two of them are efficiency and 
flexibility, characteristics which are obviously necessary for each functional transport system. The third one is the 
claim for sufficient volumes, which is definitely a valuable extension of the selected critical success factors based on 
literature review. Indeed, the shipped freight volumes must be high enough to ensure that real time switching and 
bundling of goods work within the synchromodal network.
It turned out that the stakeholders widely agreed on the major prerequisites of synchromodality since their 
statements indicate a coherent estimation of CSFs. The major question remains whether it is possible to realize these 
CSFs and how this can be achieved. Thus, the respondents had to estimate the feasibility of the selected CSFs. In 
addition they were asked to assess the importance of each critical success factor that we proposed. To determine the 
degree of feasibility and importance, a scale from 1 (=low) to 5 (=high) was given. The mean of the nine expert’s 
estimations was used to classify the CSFs into four categories. Depending on this value, each success factor is 
located in a quadrant with particular attributes (see Fig. 1).
The most critical success factors are those which are very important but not very feasible (lower right corner in 
Fig. 1). These CSFs must be managed closely in order to attain their accomplishment. As can be seen, the most 
crucial factor is cooperation because it is rated as the least feasible subject. Respondents frequently doubted that 
companies are willing to cooperate in such an intensive way that they are able synchronize their transport streams. 
Several other CSFs are also located within this segment, but they are more feasible, namely pricing strategy, legal 
and political framework as well as mental shift. 
The factors in the upper right corner are less problematic since they are viable success factors: they are important, 
but their feasibility is high. Sophisticated planning as well as ICT/ITS and other information systems have been 
rated as viable CSFs, the experts partly mentioned that some of these systems already exist and are ready for being 
used to coordinate synchromodal transports.
The lower left corner represents negligible success factors. These CSFs are less imperative due to their low 
importance and low feasibility. Nevertheless, their development should be monitored as they can become more 
important one day and then their implementation might become relevant. The only factor located in this segment, 
physical infrastructure, is already very close to the upper left corner, the practicable success factors, therefore it can 
be assumed that this CSF is also quite viable to implement. The practicable success factors are those that are not so 
much important but easy to realize. They should be kept in readiness in case they become more relevant at some 
point.
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Table 3. Critical Success Factors of Synchromodality based on Expert Interviews.
Transport-related External conditions Customer-related
Network/Cooperation/Trust
• “Organizational issues: align interest of 
multiple stakeholders, organize relations, `gain 
and pain sharing´“
• “Need for other players: you are reliant on 
other players in the supply chain“
• “Administrative processes to allow to 
cooperate between nodes“
• “Other way of negotiation“ 
• “Trust of shipper”
“How much competition is there in the 
synchromodal market? How much cooperation is 
needed to be successful?”
Sophisticated Planning
• “Integrated planning“
• “Standardization of the transport itself“
• “Software side of the information system, 
good information“
“Ability to plan and use modes of transport you 
need to come up with a system which can use 
resources in an efficient way”
ICT/ITS Technologies
• “Technology enabler“
• “Tools“ (i.e. ICT/ITS technologies)
• “Hardware: Technology (sensors, ITS, ICT, 
different load units)“
“Communication system (ITS, communication, 
information technologies”
Physical Infrastructure
• “Network of nodes and routes“
• “Reliable connections, at least daily train 
connections”
“Hardware” (i.e. terminals, hubs, streets,…)
Legal/Political Framework
• “Role of public sector and government-
investments required“
• “Regulations. Insurance terms are different, 
role of public sector for development of 
infrastructure“
• “Rules, agreements“
• “Rules determine how flexible we are“
• “Orgware: Governance“
“Legal conditions (different modes of transport 
but only one bill of loading, dangerous goods…“
Awareness/Mental Shift
• “Cultural view and mental shift“
• “Orgware: Mind shift from shippers 
and logistics service providers. Shippers 
have to understand that it takes a lot of 
freedom from the system when shippers 
decide on mode. Mental shift to release 
control“
• “Willingness of shipper to accept that 
LSP or intermodal operator can choose 
mode and performs on his own”
Pricing/Cost/Service
• “Price combined with quality is 
important for customers“
• “Not just minimum cost but balance 
between cost and efficiency“
• “Cost aspects“
• “Service level, reliability“
• “Different price mechanisms to make it 
work”
• “You need to know what customers 
want”
“Pricing questions: if you have not 
specified the modality you are in the 
situation that profit depends on the 
execution, agree in advance but may 
renegotiate the price”
A final evaluation of the selected success factors has been carried out with many national and some international 
stakeholders of the transport sector at the Austrian Logistics Day 2015 in Linz. After a detailed introduction to the 
concept synchromodality and its critical success factors they were asked to vote which of the CSF categories they 
consider to be the most difficult one to implement in Austria. For this purpose an interactive survey has been 
installed and participants of the workshop were able to vote with their mobile phones. On the whole, 44 responses 
have been gathered. 
The results are very consistent with the estimation of the experts. Adequate hardware and software is not seen as 
a problem at all, that is to say sophisticated planning systems, ICT systems and physical infrastructure. No 
respondent voted for these options. Again, the most crucial factor is expected to be cooperation and trust between 
involved stakeholders, 17 responses confirmed this. Awareness and mental shift is the second most mentioned 
answer (12 times) followed by pricing strategy (9 times) and legal/political framework (6 times). This provides even 
more evidence that a very uniform opinion about the critical success factors for synchromodality dominates, since 
Austrian stakeholders came to a very similar evaluation like the Dutch experts.
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Fig. 1. Classification of Critical Success Factors.
4. Conclusion
The goal of this research is to foster a long-term shift from unimodal transport to intelligent, flexible and 
sustainable synchromodal transport. The concept of synchromodality combines the concepts of inter- and co-
modality and incorporates different elements of both. Within synchromodality, the idea of using multiple transport 
modes is taken from intermodality and the element of stringent efficiency is derived from the concept of co-
modality. Existing transport resources are sustainably used and optimized.
Implementing effective synchromodality depends on various requirements. As the concept fundamentally builds 
upon cooperation between all stakeholders along the transport chain, establishing close cooperation is the main 
concern to ensure efficiency and the flexible use of resources. They do not only have to collaborate, but they must 
also participate in a mental shift to grant the necessary freedom for fulfilling a-modal transport services. Providing 
sufficient technical infrastructure such as ICT- and ITS-systems is also an important prerequisite to support making 
transport decisions in real-time and switching transport modes whenever required. These technological conditions 
are basically not seen as a problem to realize. The same can be said for sophisticated planning systems. The physical 
infrastructure is another basis for synchromodality, which includes hinterland connections and smart hubs. Pricing, 
cost and service quality are further relevant aspects in a synchromodal network. Finally, the legal and political 
conditions constitute the framework for all other success factors. 
In a final stakeholder workshop, we plan to validate our findings with potential Austrian pioneer companies 
which intend to introduce synchromodality. Although this concept is quite unknown apart from the Benelux region, 
it comprises a lot of potential to generate efficient and sustainable transport streams also in Austria. So far, various 
interest groups from the logistics sector, industry and also the government showed considerable interest in learning 
about synchromodality and a synchromodal pilot corridor might be implemented in a follow-up project.
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